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LQWHUSUHWWKHSUDFWLFHVDQGPDWHULDOUHPDLQVRIFXOWXUHV
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2VDJHSHRSOHVIURPWKH/RZHU0LVVLVVLSSL9DOOH\
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GHVFULEHGRQO\H[SHULHQFLQJYDU\LQJOHYHOVRIFXOWXUDO
LQÀXHQFHIURPQHDUE\FXOWXUHV2WKHUZLVHSHRSOHV
UHVLGLQJLQWKH2]DUNVZHUHWKRXJKWWREHFXOWXUDOO\
³FRQVHUYDWLYH´H[SHULHQFLQJKLJKGHJUHHVRIFXOWXUDO
FRQWLQXLW\WKURXJKWLPHDQGRQO\HYHUDFKLHYLQJZKDW
:LOOH\DQG3KLOOLSVZRXOGFDWHJRUL]HDVDQ
$UFKDLFVWDJHRIFXOWXUH8VLQJWKLVEDVLFLGHD)UHHPDQ
QRWHGHYLGHQFHRIFXOWXUDOFRQWLQXLW\LQ
1HRVKRPDWHULDOVIURPSUHYLRXVFXOWXUHVOLNH'HODZDUH
$DQG%ZLWKLQÀXHQFHVIURPFXOWXUHVLQWKH$UNDQVDV
5LYHUGUDLQDJHDQGWKH3ODLQVLQWKHIRUPRIVRPH
OLWKLFWRROW\SHVDQGYLVLEOHSRWWHU\DWWULEXWHV7KXV
VKHFRQWULEXWHGDVHFRQGWKHRU\IRU1HRVKRRULJLQVDQ
LQVLWXGHYHORSPHQWWKDWZDVRSSRVHGWRHDUOLHUWKHRULHV
RIDPLJUDWLRQRIH[WUDUHJLRQDOSHRSOHV3XUULQJWRQ
DOVRVXSSRUWHGKHUWKHRU\EDVHGRQKLVGLDFKURQLF
H[DPLQDWLRQRIVLWHVLQ'HODZDUH&RXQW\2WKHU
ʹͲͺȈ͸Ϳǡ͸ͶͷͿ
UHVHDUFKHUVFRQWLQXHGWRH[FDYDWHVLWHVLQWKHSUR[LPLW\
RIWKH1HRVKRFXOWXUHDUHDDQGDVVLJQWKHP1HRVKR
FXOWXUDOGHVLJQDWLRQVHJ&REE:\FNRII
 ,QODWHUGHFDGHVWKHUHZDVDFRQWLQXLQJFRQFHUQ
IRUUHVHDUFKLQJ1HRVKRRULJLQV1RWRSSRVHGWREXW
HODERUDWLQJRQ)UHHPDQ¶VK\SRWKHVLVRI
DQLQVLWXGHYHORSPHQW:\FNRIISURSRVHGWKDW
1HRVKRSHRSOHVUHSUHVHQWHGWKHORFDOGLVVROXWLRQRI
$UNDQVDV5LYHU9DOOH\&DGGRVRFLHWLHV&RQQHU
'LFNVRQ5D\DQG/RSLQRWDQG9HKLN
ZRXOGVXSSRUWKLVWKHRU\$IWHUWKH6SLURSKDVH
LQQHDUE\/H)ORUHDQG+DVNHOOFRXQWLHVRI2NODKRPD
WKHUHLVHYLGHQFHWKDWPRXQGEXLOGLQJDFWLYLWLHVFHDVHG
DQG)RUW&RIIHHSHRSOHVUHVLGLQJLQWKH$UNDQVDV5LYHU
9DOOH\FRQWHPSRUDQHRXVO\ZLWK1HRVKRSHRSOHVLQWKH
2]DUNVGLGQRWHQJDJHLQLQWHQVLYHULWXDODFWLYLW\QRWHG
LQSULRUSKDVHV5RKUEDXJK7KHUHLVOLWWOH
HYLGHQFHWRVXSSRUWWKH1HRVKRFXOWXUH¶VLQYROYHPHQW
LQPRXQGEXLOGLQJRULQWHQVLYHULWXDOSUDFWLFHV
DOWKRXJKVRPHKDYHVKRZQWKDW1HRVKRSHRSOHVXVHG
DQGFRQVWUXFWHGHDUWKZRUNVLQVRXWKZHVWHUQ0LVVRXUL
&RQQHU5D\DQG/RSLQRW
 5RKUEDXJKFODUL¿HGWKHGH¿QLWLRQ
RIWKH)RUW&RIIHHIRFXV$'DQGFKDQJHG
LWV0F.HUQGHVLJQDWLRQWRSKDVH7KLVZDVSUHVXPDEO\
DQDWWHPSWWRPRYHDZD\IURPWKHXVHRI0F.HUQ¶V
/LQQDHDQFXOWXUDOFODVVL¿FDWLRQV\VWHPLQWKH
UHJLRQ,QGLVFXVVLQJWKHHDUOLHU6SLURVLWHSKDVHVDQG
WKHLUUHODWLRQVKLSWRWKHODWHU)RUW&RIIHHSKDVHKH
FLWHGGLIIHUHQFHVLQFHUDPLFVKRXVHFRQVWUXFWLRQDQG
VXEVLVWHQFH+HDOVRGLVFXVVHGWKH1HRVKRSKDVHLQ
UHODWLRQVKLSWRWKH)RUW&RIIHHSKDVHDQGZKLOHWKH\
H[KLELWPDQ\VLPLODULWLHVVHWWOHPHQWVWUDWHJLHVDSSHDU
WREHGLIIHUHQWDQGFHUDPLFGHVLJQFRQ¿JXUDWLRQVDUH
QRWH[DFWO\WKHVDPH:DUHW\SHVIRXQGLQ)RUW&RIIHH
SKDVHVLWHVKDYHLQFLVHGOLQHVDQGSXQFWDWLRQVEXW
XQOLNH1HRVKR¶VFKDUDFWHULVWLFZHGJHSXQFWDWLRQV)RUW
&RIIHHYHVVHOVKDYH³¿QJHUQDLO´SXQFWDWLRQVDORQJWKH
ULPDQGOLS)RUW&RIIHHYHVVHOVDOVRLQFOXGHHQJUDYHG
W\SHVQRWIRXQGLQ1HRVKRFHUDPLFDVVHPEODJHV:LWK
DOOWKDWVDLG5RKUEDXJKZDVVLOHQWRQ
SRWHQWLDOUHODWLRQVKLSVEHWZHHQ1HRVKRDQG)RUW&RIIHH
WKRXJKWKHLUSUR[LPLW\DQGVLPLODULWLHVLQGLFDWHDFORVHU
UHODWLRQVKLS,WLVNQRZQWKDWFRQWHPSRUDU\VXUURXQGLQJ
&DGGRSRSXODWLRQVDQG3ODLQVSRSXODWLRQVPRUH
VSHFL¿FDOO\WKH/RZHU:DOQXWSHRSOHVLQVRXWKFHQWUDO
.DQVDVZHUHHQJDJHGLQKLJKO\LQWHUFRQQHFWHGWUDGH
QHWZRUNV3HUWWXODHWDO1HRVKR¶VUHODWLRQVKLS
WRWKHSUHFHGLQJ6SLURSKDVH$'DQG
FRQWHPSRUDQHRXV)RUW&RIIHHSKDVH$'
LQWKH$UNDQVDV5LYHUGUDLQDJHDQGWRFXOWXUHVLQRWKHU
DGMDFHQWUHJLRQVUHPDLQVXQUHVROYHG6DERDQG(DUO\

 ,VSHFXODWHWKDWLQSDUWWKHUHDVRQIRUWKLV
ODFNRIFODULW\LQWKHUHODWLRQVKLSEHWZHHQ1HRVKR
DQGVXUURXQGLQJFXOWXUHVRQWKH3ODLQVDQGLQWKH
$UNDQVDV5LYHUYDOOH\LVGXHWRLWVORFDWLRQRQWKH
VRXWKZHVWHUQIULQJHRIWKH2]DUN3ODWHDXDQGSHUKDSV
WKHOLPLWHGVW\OLVWLFFKDUDFWHURI1HRVKRDQGRWKHU
FRQWHPSRUDQHRXVFXOWXUDODVVHPEODJHVLQWKHDUHD7KH
DVVXPSWLRQWKDWFXOWXUHVLQWKH2]DUNVZHUHUHODWLYHO\
LVRODWHGDQG³FRQVHUYDWLYH´OLQJHUHGXQWLO%URZQ¶V
H[SORUDWLRQRISUHKLVWRULF2]DUNPDUJLQDOLW\
DQGKLVDVVHUWLRQVWKDWGLVSHOWKRVHFRPPRQLGHDV
EDVHGRQHQYLURQPHQWDOFRQGLWLRQV1HRVKRUHVHDUFK
KDVQRWEHHQXSGDWHGLQOLJKWRIWKHVHGLVFXVVLRQV7KH
2]DUNHQYLURQPHQWLVE\QRPHDQVLPSDVVDEOHEXWWKH
DVVXPSWLRQRIPDUJLQDOLW\DQGWKHLGHDWKDWFXOWXUDO
LQÀXHQFHRQO\SHUPHDWHGWKHVHXSODQGVIURPWKHRXWVLGH
KDVUHVXOWHGLQVWDJQDQWLQWHUSUHWDWLRQVRIQXPHURXV
FXOWXUHVLQFOXGLQJ+DUULQJWRQ¶VEOXII
GZHOOHUFXOWXUHV,QYHVWLJDWLRQVRI1HRVKRRULJLQVKDV
UHPDLQHGVWDWLFLQSDUWEHFDXVHRIWKLVDVVXPSWLRQWKDW
FXOWXUDOWUDLWVFRPPRQLQ1HRVKRDVVHPEODJHVDUHVHHQ
DVHLWKHUVWHPPLQJIURPWKH3ODLQVRUWKH$UNDQVDV
5LYHUYDOOH\LQDXQLGLUHFWLRQDORXWZDUGLQGLIIXVLRQ
4XHVWLRQVFRQFHUQLQJ1HRVKRFXOWXUHUHPDLQXQUHVROYHG
EHFDXVHRIWKHLGHDWKDWWKHPDWHULDOFXOWXUHRI1HRVKR
SHRSOHVPXVWUHSUHVHQWRULJLQVLQHLWKHU3ODLQVRU
VRXWKHDVWHUQWUDLWVEHFDXVHRIWKHLUDVVRFLDWLRQZLWKWKH
2]DUNVDSODFH³LQEHWZHHQ´WZRODUJHHQYLURQPHQWDO
UHJLRQV
 $QRWKHUUHDVRQWKDW1HRVKRUHVHDUFKUHPDLQV
KLQGHUHGLVWKHODFNRIFODULW\LQEURDGVFDOHLQWHUDFWLRQ
SDWWHUQVLQWKHUHJLRQUHVXOWLQJIURPDULJLGFXOWXUH
KLVWRU\DQGUHOLDQFHRQWUDLWOLVWFRPSDULVRQV1R
VW\OLVWLFH[DPLQDWLRQVRIFHUDPLFDWWULEXWHVVDYHRQH
ZKLFKDWWHPSWVWRGLVWLQJXLVKYDULHWLHVRI:RRGZDUG
3ODLQKDYHEHHQFRQGXFWHGRQ1HRVKRDQGVXUURXQGLQJ
SRSXODWLRQVWREHWWHUXQGHUVWDQGVLPLODULWLHVDQG
GLIIHUHQFHVLQGHVLJQFRQ¿JXUDWLRQV5HVHDUFKKDV
FRQWLQXHGRQ1HRVKRVLWHV&RQQHU'LFNVRQ
ĆĉĉĔėĈčĊĔđĔČĞĔĚėēĆđȈʹͲͻ
5D\E5D\DQG/RSLQRWEXWQXPHURXV
SXEOLFDWLRQVFRQWLQXHWRUHLWHUDWHWKHVDPHLQIRUPDWLRQ
'LFNVRQDQGQRQHZUHVHDUFKRQWKHWRSLFRI
1HRVKRRULJLQVKDVVXUIDFHGVLQFH:\FNRII
SRVWXODWHGWKDW1HRVKRZDVWKHUHVXOWRIWKHGLVVROXWLRQ
RIWKH$UNDQVDV9DOOH\&DGGRV\VWHP$VVXFKWKHVWXG\
RI1HRVKRDVVHPEODJHVKDVQRWEHHQVXEMHFWWRXSGDWHG
UHVHDUFKGHVLJQVPHWKRGRORJLHVRUWKHRULHVDQGWKH
FXOWXUHKLVWRULFDOFRQFHUQIRU1HRVKRRULJLQVUHPDLQV
 7KRPDVDQG5D\KDYHVKRZQWKDW
1HRVKRSHRSOHVDWWKH'DKOPDQVLWHLQ/DZUHQFH
&RXQW\0LVVRXULZHUHHQJDJHGLQORQJGLVWDQFHWUDGH
ZLWKSHRSOHVRQWKH3ODLQVDQGLQGLUHFWO\SHRSOHVLQ
WKHVRXWKHDVWHUQ8QLWHG6WDWHV7KHLUUHVHDUFKLVWKH¿UVW
WRH[DPLQH1HRVKRLQWHUPVRIDKLJKO\LQWHUFRQQHFWHG
DQGIDUÀXQJQHWZRUNRIUHODWLRQVKLSVUHJDUGOHVVRI
HQYLURQPHQWDOGHWHUPLQLVP+RZHYHUWKHUHLVVWLOOD
ODFNRIFODULW\RIKRZ1HRVKRUHODWHVWRVXUURXQGLQJ
SHRSOHVDQGFXOWXUHV
 )URPWKHDERYHGLVFXVVLRQLWLVFOHDUWKDW
1HRVKRUHVHDUFKLVWURXEOHGE\LVVXHVWKDWLQKLELWDQ
XQGHUVWDQGLQJRIWKHSHRSOHVWKHPVHOYHVDVZHOODV
WKHEURDGHUUHJLRQDOLQWHUFXOWXUDOG\QDPLFVGXULQJWKH
/DWH3UHFRQWDFWSHULRG5HOLDQFHRQDPELJXRXVDQG
ULJLGW\SHGHVFULSWLRQVRIFHUDPLFVW\OHDQGGHVLJQWR
LGHQWLI\DQGUHODWH1HRVKRSHRSOHWRVXUURXQGLQJJURXSV
LPSHGHVDJHQHUDOXQGHUVWDQGLQJRIORFDODQGUHJLRQDO
VRFLDOSURFHVVHV$VDUHVXOWWKHLQWHUFXOWXUDOG\QDPLFV
DQGFXOWXUHDUHDGH¿QLWLRQVLQWKHUHJLRQVXUURXQGLQJ
WKH1HRVKRSKDVHDQGFXOWXUHVRQWKH3ODLQVDQGLQWKH
VRXWKHDVWHUQ86UHPDLQXQLQYHVWLJDWHGDQGFRQIXVLQJ
)LJXUH$ORQJZLWKWKLVV\VWHPLFLVVXHWKHUHLV
DQHHGOHVVO\KHDY\IRFXVRQFODVVL¿FDWRU\GHEDWHV
FRQFHUQLQJ1HRVKRHPHUJHQFHDQGFXOWXUDODI¿OLDWLRQ
LJQRULQJHYLGHQFHRILQWHUFXOWXUDOLQWHUDFWLRQDQG
DWWHQGLQJPRUHWRLQWHUQDOSDWWHUQVDQGFRPSDULVRQRI
WUDLWOLVWV7KXV1HRVKRUHVHDUFKWRGDWHRYHUVLPSOL¿HV
FRPSOH[FXOWXUDOSURFHVVHVLQSXUVXLWRIGLFKRWRPRXV
FODVVL¿FDWLRQRI1HRVKRSHRSOHDVHLWKHUUHSUHVHQWLQJ
3ODLQVRU6RXWKHDVWHUQFXOWXUHV
 ,QRUGHUWRRYHUFRPHWKHYDULRXVLVVXHVZLWK
1HRVKRUHVHDUFKWRGDWHP\GLVVHUWDWLRQSURMHFWZLOO
IRFXVPRUHEURDGO\RQSURFHVVHVRILGHQWLW\IRUPDWLRQ
DWDPDFURUHJLRQDOVFDOHPRYLQJDZD\IURPTXHVWLRQV
WKDWHQJDJHZLWKFODVVL¿FDWRU\VFKHPDWKDWVHHNWR
DVVLJQULJLGLGHQWLWLHVWR1HRVKRSHRSOHEDVHGRQWKH
GLFKRWRPL]DWLRQRIFXOWXUDODQGHQYLURQPHQWDO]RQHV
%\IRFXVLQJRQPDFURUHJLRQDOSDWWHUQV,KRSHWR
FODULI\UHODWLRQVKLSVZLWKLQDQGEHWZHHQFXOWXUHVLQWKH
DUHDDQGRYHUFRPHWKHV\VWHPLFLVVXHVRIW\SRORJLFDO
FODVVL¿FDWLRQRIFHUDPLFVDQGFXOWXUHDUHDVLQWKHUHJLRQ
0HWKRGV7KHRULHVDQG5HVROXWLRQV
,QOLJKWRIWKHYDULRXVURDGEORFNVWKDW1HRVKRUHVHDUFK
KDVHQFRXQWHUHGLWLVHVVHQWLDOWRLQFRUSRUDWHDFKRVHQ
PHWKRGZLWKLQDWKHRUHWLFDOSHUVSHFWLYHWKDWFDQERWK
DFFRXQWIRUPDFURUHJLRQDOSURFHVVHVRILGHQWL¿FDWLRQ
DQGLQWHUDFWLRQZLWKPRUHORFDOSURFHVVHVRISUDFWLFH
KLVWRU\DQGUHQHJRWLDWLRQ&XOWXUDOWKHRU\KDVUHFHQWO\
EHJXQWRHQJDJHZLWKJOREDOL]DWLRQDQGZKDWLWPHDQV
LQWHUPVRIÀRZVRILQIRUPDWLRQDQGLWVLPSOLFDWLRQV
RQFXOWXUHLGHDVWKDWKDYHGLUHFWLPSOLFDWLRQVIRU
XQGHUVWDQGLQJVRIUHJLRQDOSURFHVVHVLQWKHSDVW7KHVH
PRUHUHFHQWPRGHOVDUHXVHIXOLQWKDWWKH\EHJLQWR
GHFRQVWUXFWERXQGDULHVDQGGHWHUULWRULDOL]HFLWL]HQVKLS
DPDMRUKXUGOHWKDWPXVWEHFURVVHGWRSUREOHPDWL]H
FXOWXUHDUHDERXQGDULHVLQDUFKDHRORJ\DVZHOODV
)LJXUH/RFDWLRQRI/DWH3UHFRQWDFW&XOWXUDO8QLWV9HKLN

ʹͳͲȈ͸Ϳǡ͸ͶͷͿ
SURYLGHDSURGXFWLYHZD\RIXQGHUVWDQGLQJPDWHULDO
VLPLODULWLHV
 0RVWRIWKHVHQHZLGHDVVWHPIURP$SSDGXUDL¶V
GLVFXVVLRQRIJOREDOL]DWLRQDVDPHFKDQLVPIRU
KRPRJHQL]DWLRQDQGKHWHURJHQL]DWLRQ,QWKLVGLVFXVVLRQ
$SSDGXUDLGH¿QHVVHYHUDOGLIIHUHQWODQGVFDSHVRIÀRZ
LQFOXGLQJEXWQRWOLPLWHGWRHWKQRVFDSHVPRYHPHQWRI
SHRSOHDQGWHFKQRVFDSHVPRYHPHQWRIWHFKQRORJ\
(VVHQWLDOO\VKHDUJXHVWKDWLQWKHVHQHZVSDFHVRI
JOREDOÀRZVWKHUHLVDVLPXOWDQHRXVKRPRJHQL]DWLRQ
DQGKHWHURJHQL]DWLRQRIEHOLHIVSURGXFWVWHFKQLTXHV
DQGFXOWXUH7KXVLQDJOREDOQHWZRUNWKHUHLVD
WHQVLRQEHWZHHQZDQWLQJWREHRSHQWRXQLIRUPJOREDO
SKHQRPHQDDQGZDQWLQJWRPDLQWDLQDGLVWLQFWLYH
LGHQWLW\RIORFDOL]DWLRQ:LWKLQVXFKDPRGHOORFDO
VSDFHVRISHUIRUPDQFHDUHSODFHVZKHUHSHRSOHHQJDJH
LQYDULRXVDFWLYLWLHVZKHUHSUDFWLFHVDUHQHJRWLDWHG
DI¿UPHGGHQLHGDQGUHDVVHVVHG7KHVHSHUIRUPHUV
RUDFWRUVFDQHODERUDWHRQWKHLUSUDFWLFHLQVXFKORFDO
VSDFHVDQGJHWLPPHGLDWHIHHGEDFNRQWKHLUDFFHSWDQFH
RUUHMHFWLRQZLWKLQWKHDOUHDG\HVWDEOLVKHGFXOWXUDO
VFKHPD$VVXFKLQGLYLGXDOVKDYHWKHSRWHQWLDOWR
LQFRUSRUDWHQHZHOHPHQWVLQWRWKHLUSHUIRUPDQFHDQG
SUDFWLFHRUWRH[SHULPHQWZLWKLQDQDUHQDWKDWRSHUDWHV
XQGHUDQRYHUDOOVWUXFWXUDOVFKHPDRIDFFHSWHGSUDFWLFH
7KHVHLGHDVWKHQKDYHVRPHLPSOLFDWLRQVIRUKRZZH
GLVFXVVSUHYLRXVO\GH¿QHGERUGHUVEHWZHHQFXOWXUH
DUHDVDQGKRZZHWKLQNDERXWUHODWLYHVLPLODULW\WKURXJK
JHRJUDSKLFVSDFH.HDUQH\2QJ7VLQJ

 :LWKLQDUFKDHRORJ\WKLVJLYHVDQLQWHUHVWLQJ
HODERUDWLRQRQSUDFWLFHWKHRU\WKDWLOOXVWUDWHVWKH
FRQWLQXRXVLQVWDELOLW\RISHUIRUPHGFXOWXUDOSKHQRPHQD
LQFOXGLQJSUDFWLFHDVVHHQWKURXJKPDWHULDOFXOWXUH
7KLVNLQGRISHUVSHFWLYHUHMHFWVIUDJPHQWHGDQG
GLVFRQWLQXRXVVSDFHVDQGLQVWHDGVHHVVRFLDOSKHQRPHQD
H[LVWLQJZLWKLQLQWHUFRQQHFWHGVSDFHVWKDWDUHWKHQPDGH
PHDQLQJIXOWKURXJKDJHQWLYHDFWLRQVDQGFRQWLQXHG
SUDFWLFH*XSWDDQG)HUJXVRQ3UDFWLFHWKHRU\DV
HVSRXVHGE\%RXUGLHXDQG*LGGHQV
KDVEHHQHODERUDWHGZLWKLQDUFKDHRORJ\WRDFFRXQWIRU
KLVWRU\DJHQF\DQGWUDQVIRUPDWLRQ,WLVSDUWLFXODUO\
XVHIXOEHFDXVHZHFDQEHWWHUDFFRXQWIRUYDULDWLRQLQ
PDWHULDOFXOWXUHDQGVSHDNQRWRI³SRWVDVSHRSOH´EXWDV
WKHUHVXOWRIFXOWXUDOSUDFWLFHE\DJHQWLYHDFWRUV3UDFWLFH
SURYLGHVDZD\WRGLVFXVVVLPLODULWLHVDQGGLIIHUHQFHV
LQPDWHULDOFXOWXUHWKURXJKOHDUQLQJIUDPHZRUNV
*RVVHODLQ:HQJHUDQG
WRLQFRUSRUDWHDGLVFXVVLRQRIWKHLPSDFWRIKLVWRU\RQ
WUDQVIRUPDWLRQVRIFXOWXUH3UDFWLFHLQWKLVUHVSHFWLV
ERWKPROGHGE\ZKDWFDPHEHIRUHDQGLPSDFWVZKDW
ZLOOIROORZ3DXNHWDW,IZHLQFRUSRUDWHLGHDVRI
JOREDOL]DWLRQDQGORFDO³VSDFHV´RISHUIRUPDQFHRI
ZKLFKWKHUHFDQEHPXOWLSOHZLWKLQHDFKFRPPXQLW\
DVWKH\DUHLQKHUHQWO\PXOWLVFDODUZLWKLQWKHDOUHDG\
HVWDEOLVKHGSUDFWLFHIUDPHZRUNVZHFDQEHWWHUDFFRXQW
IRUUHVLVWDQFHLUUDWLRQDOLW\DQGLQWHQWLRQDOLW\LQWKH
PDWHULDOUHFRUG7KLVGHVWDELOL]HVWKHERXQGDULHV
EHWZHHQFXOWXUHDUHDVQRWWRPHQWLRQGHVWDELOL]HV
SUREOHPDWLFPDWHULDOW\SRORJLHVDQGLQVWHDGYDULDWLRQ
LQPDWHULDOFXOWXUHFDQEHXQGHUVWRRGDVORFDOL]HG
SHUIRUPDQFHVRIDJHQWLYHLQGLYLGXDOV
 )URPWKLVIUDPHZRUNLQFRUSRUDWLQJHOHPHQWV
RIJOREDOL]DWLRQDQGORFDOL]DWLRQZLWKWKHWHQHWVRI
SUDFWLFHSHUIRUPDQFHKLVWRU\DQGSRZHUZHFDQ
EHJLQWRWKLQNDERXWWKHLGHQWLWLHVRISHRSOHLQWKH
SDVWDVHTXDOO\VWDEOHDQGXQVWDEOHVHQVHVRIVHOIDQG
WKHZRUOG7KLVNLQGRISHUVSHFWLYHLQFRUSRUDWHVPRUH
UHFHQWGLVFXVVLRQVLQFXOWXUDOWKHRU\RQVXEMHFWLYLW\
DQGEHFRPLQJ%LHKO%LHKODQG.OHLQPDQ
%LHKODQG/RFNH%\GUDZLQJIURPWKHRU\DERXW
JOREDOÀRZVRILGHDVDQGFXOWXUDOSDWWHUQVZHFDQEHJLQ
WRWKLQNDERXWWKHH[FKDQJHRIWHFKQLTXHVDQGLGHDVQRW
DVERXQGHGHQWLWLHVWKDW³EHORQJ´WRRQHFXOWXUHDUHD
RUDQRWKHUEXWLQVWHDGDVDQHQJDJHPHQWZLWKUHJLRQDO
LGHRORJLHVWKDWEHFRPHLQWHUSUHWHGWKURXJKORFDOL]HG
IUDPHZRUNVRISUDFWLFH&XOWXUHFDQEHHQYLVLRQHGQRW
ZLWKLQSUHFRQFHLYHGIUDJPHQWHGDUHDVRIGLIIHUHQFH
EXWDVVSDFHPDGHPHDQLQJIXOWKURXJKSUDFWLFHDQG
SHUIRUPDQFHDVDIIHFWHGE\KLVWRULFDOUHODWLRQVKLSVDQG
RSHUDWLQJZLWKLQVWUXFWXUHVRISRZHU,QRSHQLQJXS
VSDFHVRISHUIRUPDQFHZLWKLQWKHDOUHDG\HVWDEOLVKHG
SUDFWLFHIUDPHZRUNZHDUHEHWWHUDEOHWRXQGHUVWDQG
ORFDOHODERUDWLRQVRQEURDGHU³VW\OHV´DVWKHUHVXOW
RIDJHQWLYHDFWLRQDQGQHJRWLDWLRQVRIUHJLRQDODQG
ORFDOHQWDQJOHPHQWVDQGUHODWLRQVWRVHOIDQGZRUOG
7KHUHIRUHZHFDQEHJLQWRVHHLQGLYLGXDOVDVLQD
FRQVWDQWVWDWHRIQHJRWLDWLRQDQGUHODWLRQZLWKWKHZRUOG
DURXQGWKHPLQDFRQVLVWHQWVWDWHRI³EHFRPLQJ´ZKHUH
WKHLUVHQVHRIVHOIDQGZRUOGDUHGHVWDELOL]HGDQGPDGH
PHDQLQJIXOE\SHUIRUPDQFHDQGSUDFWLFH5DWKHUWKDQ
LGHQWLW\FRQQRWLQJ³RQHQHVV´LQVWHDGLWLVSRVVLEOHWRVHH
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LGHQWLW\DVDQXQ¿QLVKHGSURFHVVRIVHOILGHQWL¿FDWLRQ
WKURXJKKLVWRU\
 $V1HRVKRUHVHDUFKWRGDWHKDVUHOLHGRQ
FODVVL¿FDWRU\³HLWKHURU´VFKHPDLQLQWHUSUHWLQJ
PDWHULDOUHPDLQVDQGGHWHUPLQLQJUHVHDUFKTXHVWLRQV
E\LQFRUSRUDWLQJSUDFWLFHWKHRU\JOREDOL]DWLRQDQG
SHUIRUPDQFHVSDFHVLQWRP\UHVHDUFK,FDQUHIRFXV
1HRVKRUHVHDUFKRQXQGHUVWDQGLQJWKHSURFHVVWKURXJK
ZKLFKSHRSOHUHODWHWRWKHZRUOGDURXQGWKHP,Q
GRLQJVRLWZLOOEHLPSRUWDQWWRRYHUFRPHWKHYDULRXV
WD[RQRPLFEULFNZDOOVWKDWKDYHVWDJQDWHGUHVHDUFKDQG
SHUSHWXDWHGDSUHPLVHRIQDWXUDOO\GLVFRQWLQXRXVFXOWXUDO
VSDFHLQWKHDUHDDQGLQVWHDGIRFXVRQKRZSHRSOHPDGH
VSDFHPHDQLQJIXOWKURXJKSUDFWLFH,QWKLVZD\,EHOLHYH
WKDWP\UHVHDUFKZLOOEHWWHUH[DPLQHYDULDWLRQLQWKH
/DWH3UHFRQWDFWSHULRGLQWKHDUHDE\XQGHUVWDQGLQJ
KRZDVSHFWVRILGHQWLW\DUHVLJQL¿HGLQSUDFWLFHDQGDUH
QHJRWLDWHGWKURXJKUHODWLRQDOQHWZRUNV
 ,QSXUVXLWRIVXFKEURDGSDWWHUQVRISUDFWLFH
VRFLDOLQWHUDFWLRQLGHQWLW\IRUPDWLRQDQGLQWHUFXOWXUDO
G\QDPLFV,ZLOOXVHFHUDPLFDWWULEXWHGDWDDQGVRFLDO
QHWZRUNDQDO\VLVWRLQYHVWLJDWHKRZLQWHUDFWLRQ
EHWZHHQJURXSVLQWKHUHJLRQDIIHFWHGWKHLUUHODWLYH
LGHQWL¿FDWLRQV6RFLDOQHWZRUNDQDO\VLV61$LV
DQHPHUJHQWSDUDGLJPWKDWGHULYHVIURPYDULRXV
LQWHUGLVFLSOLQDU\VRXUFHVDQGVHHNVWRDGGUHVVTXHVWLRQV
UHODWLQJWRLQWHUDFWLRQLQWKHSDVW.QDSSHWW
61$LVDXQLTXHPHWKRGWKDWFDQSURYLGHQXPHURXV
LQVLJKWVLQWRYDULRXVVRFLDOSURFHVVHVZLWKLQDYDULHW\
RIWKHRUHWLFDOIUDPHZRUNV0LOOV)RULQVWDQFH
3HHSOHVLQFRUSRUDWHVLGHQWLW\WKHRU\GHULYHGIURP
VRFLRORJ\LQKLVLQYHVWLJDWLRQVRIWKH3UHKLVSDQLF&LEROD
ZRUOG7KXVUHVHDUFKHUVFDQXWLOL]HWKLVPHWKRGRORJ\
LQFRQMXQFWLRQZLWKUHVHDUFKVSHFL¿FWKHRUHWLFDO
DSSURDFKHVLQFOXGLQJSUDFWLFHLGHQWLW\HQWDQJOHPHQW
FRPSOH[LW\DQGKXPDQEHKDYLRUDOHFRORJ\:KHQXVHG
LQFRQMXQFWLRQZLWKFRQFHSWVDQGWKHRULHVOLNHLGHQWLW\
FHUDPLFVW\OHDQGSUDFWLFH61$FDQHIIHFWLYHO\PDS
VRFLDOLQWHUDFWLRQEHWZHHQVLWHVDQGUHÀHFWSURFHVVHVRI
LGHQWLW\IRUPDWLRQ
 0HWKRGRORJLFDOO\VRFLDOQHWZRUNVDUH
GH¿QHGDVDVHWRILWHPVSHRSOHVLWHVHWFZLWK
FRQQHFWLRQVEHWZHHQWKHP.QDSSHWW1HWZRUNV
LQDUFKDHRORJ\DUHSUHVHQWHGVXFKWKDWQRGHVSRLQWV
UHSUHVHQWSHRSOHRUJURXSVRISHRSOHDQGWKHHGJHVRU
OLQNVDUURZVEHWZHHQWKHVHQRGHVUHSUHVHQWYDULRXV
IRUPVRIVRFLDOLQWHUDFWLRQ)LJXUH,QXWLOL]LQJ
61$UHVHDUFKHUVFDQFKDUDFWHUL]HWKHVWUXFWXUHRI
UHODWLRQVKLSVDPRQJVRFLDOJURXSV:DVVHUPDQDQG
)DXVW5HFHQWVFKRODUVKLSRQ61$UHFRJQL]HV
)LJXUH$QH[DPSOHRIDQHWZRUNRIFHUDPLFWHFKQRORJ\VLPLODULWLHVDPRQJVLWHVWKHQRGHVLQWKH&LEROD5HJLRQRIWKH
6RXWKZHVWHUQ867LHVDPRQJVHWWOHPHQWVLQGLFDWHWHFKQRORJLFDOVLPLODULWLHVDVGHULYHGIURPWKUHVKROGVLPLODULW\YDOXHVIRU
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VWDWLVWLFV3HHSOHV
ʹͳʹȈ͸Ϳǡ͸ͶͷͿ
IRXUJHQHUDOFKDUDFWHULVWLFVLQKHUHQWLQWKHPHWKRGRORJ\
DQGSHUVSHFWLYH%HUQDUG)LUVW61$
IRFXVHVRQWLHVOLQNVEHWZHHQSHRSOHKRXVHKROGV
DQGVLWHVQRGHVUDWKHUWKDQRQWKHVSHFL¿FDWWULEXWHV
RIWKRVHPXOWLVFDODUDFWRUV6HFRQG61$UHTXLUHV
V\VWHPDWLFFROOHFWLRQRIGDWDWRLQYHVWLJDWHWKRVHWLHV
RUUHODWLRQVKLSVDQGWRPDNHLQIHUHQFHVDERXWZKDW
WKRVHWLHVVLJQLI\7KLUGWKHUHLVDVWURQJHPSKDVLV
RQJUDSKLFDOSUHVHQWDWLRQRIGDWDDQGUHVXOWV)LQDOO\
WKLVPHWKRGUHOLHVXSRQFRPSXWDWLRQDOFDOFXODWLRQV
WRDFFRXQWIRUODUJHDPRXQWVRIGDWDDERXWVRFLDOWLHV
$FFRUGLQJO\61$LVSULPDULO\FRQFHUQHGZLWKDQDO\]LQJ
PDWHULDODQGVRFLDOWLHVRULQWHUDFWLRQVEHWZHHQDFWRUVDW
QXPHURXVVFDOHV
 7KHEDVLFDUFKDHRORJLFDOXQGHUVWDQGLQJRI
LQWHUDFWLRQKDVWZRPDLQFKDUDFWHULVWLFVWKDWLQWHUDFWLRQ
WDNHVSODFHZLWKLQDQDEVROXWHSK\VLFDOVSDFHDQGWKDW
LWRFFXUVDWPXOWLSOHVFDOHV.QDSSHWW61$LV
VXLWHGWRLOOXPLQDWHERWKRIWKHVHFKDUDFWHULVWLFVWKURXJK
DUFKDHRORJLFDOGDWDEXWDOVRDOORZVWKHLQYHVWLJDWLRQ
RIWKHW\SHVRIVRFLDOSURFHVVHVDVVRFLDWHGZLWKWKRVH
HPSODFHGLQWHUDFWLRQV3DUDGLJPVKLIWVVKRZDQDOWHUHG
IRFXVIURPVSDWLDODEVROXWLVPWRUHODWLRQDODSSURDFKHV
WKDWSRVWXODWHXQGHUVWDQGLQJLQIRUPDWLRQDQGUHVRXUFH
ÀRZDPRQJDFWRUVLVQHHGHGWRXQGHUVWDQGEHKDYLRUDO
DQGVRFLDOSURFHVVHV.QDSSHWW61$PHWKRGV
ZKHQVLWXDWHGZLWKLQDQDQWKURSRORJLFDOWKHRUHWLFDO
IUDPHZRUNFDQH[DPLQHVXFKSURFHVVHVDWQXPHURXV
VFDOHVIURPKRXVHKROGOHYHOGHFLVLRQVWRPDFURUHJLRQDO
SURFHVVHVZKLFK¿WVZHOOZLWKLQWKHDERYHGLVFXVVHG
IUDPHZRUNRIUHODWLYHJOREDOL]DWLRQDQGORFDOL]HG
SUDFWLFH
 ,PSRUWDQWO\IRUWKHSXUSRVHVRIP\UHVHDUFK
RQ1HRVKRSHRSOHV61$SURYLGHVDPHWKRGRORJ\WKDW
GRHVQRWDVVXPHWKHH[LVWHQFHRI³QDWXUDO´ERXQGDULHV
%RUJDWWLDQG+DOJLQ'XHWRWKHDIRUHPHQWLRQHG
GLI¿FXOWLHVZLWKUHVHDUFKWRGDWHLWKDVEHHQLPSRUWDQW
WRLQFRUSRUDWHDQXSGDWHGIUDPHZRUNDQGPHWKRGRORJ\
WKDWDOORZVPHWRGLVUHJDUGWKHFXOWXUDOERXQGDULHV
FRQVWUXFWHGE\SDVWUHVHDUFKHUVDQGLQVWHDGXQGHUVWDQG
WKHFXOWXUDOG\QDPLFVLQWKHUHJLRQWKURXJKPDWHULDO
SUR[LHV$FRPPRQLVVXHLQDUFKDHRORJLFDODQDO\VHVLV
WKHDELOLW\WRGH¿QHVRFLDOERXQGDULHVWKURXJKW\SRORJLHV
DQGRWKHUPDWHULDODQGVRFLDODWWULEXWHV%RXQGDULHV
ZLWKLQQHWZRUNDQDO\VHVDUHPRUHRIDPHWKRGRORJLFDO
FRQVLGHUDWLRQWKDQRQHUHODWLQJWRSURFHVVDVDQDO\VWV
DUELWUDULO\DVVLJQERXQGDULHVIRUQRGHVZKLFKFDQEH
KRXVHKROGVVLWHVRUUHJLRQVGHSHQGLQJRQWKHGDWDVHW
DQGWKHQDQRWKHUDUELWUDU\ERXQGDU\IRUWKHSURMHFWDUHD
%XWWKLVPHWKRGGRHVQRWUHDGLO\DVVXPHWKDWERXQGDULHV
DUHQDWXUDOFRQVWUXFWVWKDWFDQEHLGHQWL¿HGWKURXJK
PDWHULDOUHPDLQV$UFKDHRORJLVWVDJUHHWKDWSHRSOHGR
QRWOLYHLQW\SRORJLFDOVRFLDORUFXOWXUDOER[HVDQG
DVVXFK61$SURYLGHVDPHWKRGIRUFRPSDULQJWKH
GLVWULEXWLRQRIPDWHULDOFXOWXUHDWWULEXWHVDQGWRGUDZ
LQIHUHQFHVRQZKDWVLPLODULWLHVDQGGLIIHUHQFHVLQWKRVH
DWWULEXWHVPHDQZLWKRXWKDYLQJWRSODFHSHRSOHRUJURXSV
LQWRW\SRORJLFDOER[HV7HUUHOO
 ,ZLOOEHUHFRUGLQJFHUDPLFGDWDIURP1HRVKR
VLWHVLQFOXGLQJVW\OLVWLFDQGWHFKQRORJLFDODWWULEXWHV
IURPZKLFK,ZLOOFDOFXODWHVLPLODULW\VFRUHVEHWZHHQ
VLWHV7DEOH&HUDPLFVW\OHZLOOEHXVHGDVDSUR[\
WKURXJKZKLFKWRXQGHUVWDQGDQGPDSVRFLDOSURFHVVHV
+DUW+DUWDQG(QJHOEUHFKW&DUU
8OWLPDWHO\WKHDWWULEXWHV,KDYHFKRVHQWRIRFXVRQ
UHSUHVHQWGHFLVLRQVPDGHWKURXJKRXWWKHPDQXIDFWXULQJ
SURFHVVZLWKVSHFL¿FIRFXVRQWKRVHPLGGOHDQGODVW
RUGHUDWWULEXWHVWKDWKDYHEHHQVKRZQWRUHÀHFWSURFHVVHV
UHODWLQJWRLGHQWLW\IRUPDWLRQ&DUU&HUDPLF
DVVHPEODJHGDWDIURPVLWHVFRQWHPSRUDQHRXVZLWKWKH
1HRVKRSKDVHLQFOXGLQJWKH)RUW&RIIHHSKDVH$'
DQG/RZHU:DOQXWSKDVHVHH)LJXUHZLOO
DOVREHDFTXLUHGIURPH[LVWLQJFROOHFWLRQVDWUHSRVLWRULHV
LQ2NODKRPD.DQVDV0LVVRXULDQG$UNDQVDV
 $GGLWLRQDOO\,ZLOOVHDUFKH[LVWLQJFROOHFWLRQV
IRUXQGDWHGFDUERQVDPSOHVWRVROLGLI\WKH1HRVKR
RFFXSDWLRQDJHUDQJH7KH1HRVKRSKDVHKDVEHHQ
GDWHGWRFD$'ZLWKVHYHUDOUDGLRFDUERQ
GDWHVFRQ¿UPLQJWKLVUDQJH&REE&RQQHU
'LFNVRQ5RKUEDXJK:\FNRIIEXW
7DEOH&HUDPLFDWWULEXWHPHDVXUHV
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PRUHGDWHVZLOOEHQHHGHGWRFODULI\1HRVKR¶VKLVWRU\
ZLWKLQ2NODKRPDDQGWKHVXUURXQGLQJUHJLRQV
 8VLQJWKHFHUDPLFPHDVXUHPHQWVDQGDWWULEXWHV
LQ7DEOH,ZLOOFRQVWUXFWDVLPLODULW\PDWUL[LQZKLFK
DWWULEXWHVZLOOEHFRPSDUHGLQWHUPVRIWKHLUVLPLODULWLHV
EHWZHHQVLWHVgVWERUQDQG*HUGLQJ,ZLOO
FDOFXODWHVLPLODULW\VFRUHVXVLQJ*RZHU¶V*HQHUDO
6LPLODULW\&RHI¿FLHQWZKLFKPHDVXUHVSUR[LPLW\
RULQWKLVFDVHVLPLODULW\IRUGDWDFKDUDFWHUL]HGE\
DFRPELQDWLRQRIQRPLQDODQGFRQWLQXRXVYDULDEOHV
+LJKHUFRHI¿FLHQWVLQGLFDWHDVWURQJHUOLNHOLKRRGRI
FRPPXQLFDWLRQDQGLQWHUDFWLRQRUVKDUHGVRFLDOUHODWLRQV
0LOOV+DYLQJFRPSLOHGWKHVHGDWDLQWRWKLV
IRUPDWWKHVLPLODULW\PDWUL[ZLOOEHLQSXWLQWRWKHVRFLDO
QHWZRUNDQDO\VLV/LQNVEHWZHHQQRGHVLHVLWHVZLOO
EHZHLJKWHGLQWHUPVRIUHODWLYHVLPLODULW\RIFHUDPLF
DWWULEXWHVLQRUGHUWRLQYHVWLJDWHWKHVWUXFWXUHRIWKH
QHWZRUN¶VZHDNDQGVWURQJWLHV
 )RUWKH1HRVKRSKDVH,DPLQWHUHVWHGLQ
H[DPLQLQJZKROHQHWZRUNDWWULEXWHVWREHWWHUXQGHUVWDQG
JOREDODQGORFDOSURFHVVHVRILQWHUDFWLRQSUDFWLFHDQG
OHDUQLQJ$VVXFK,DPIXQGDPHQWDOO\FRQFHUQHGZLWK
TXHVWLRQVFRQFHUQLQJKRZSHRSOHUHODWHWRRQHDQRWKHU
LQJOREDODQGORFDOFRQWH[WVDQGKRZWKHVHG\QDPLFV
DIIHFWWKHLUSUDFWLFHVDQGSURFHVVHVRILGHQWL¿FDWLRQ
)URPDQHWZRUNSHUVSHFWLYH,DPQRWFRQFHUQHGZLWK
VSDWLDOO\ERXQGHGHQWLWLHVDQGWKHLULPSRUWDQFHWR
QHWZRUNVWUXFWXUHEXWDPLQWHUHVWHGLQVWHDGLQEURDGHU
SDWWHUQVRIUHODWLRQV3UHYLRXVUHVHDUFKKDVLOOXVWUDWHG
WKDWJHRJUDSKLFGLVWDQFHLVQRWDSUHGLFWRURIDUWLIDFW
VLPLODULW\+DUWDQGVXFKSUREOHPDWLFSUHPLVHVRI
VLPLODULW\DQGSUR[LPLW\KDYHIUDPHG1HRVKRUHVHDUFK
WRWKLVSRLQW,QVWHDG,ZLOOH[DPLQHWKHUHODWLRQDO
DVSHFWVRIDWWULEXWHVLPLODULW\SD\LQJSDUWLFXODUDWWHQWLRQ
WRLQWHUSUHWDWLRQVHPSKDVL]LQJSHUIRUPDQFHSUDFWLFH
KLVWRU\DQGDJHQF\DWORFDODQGUHJLRQDOVFDOHV
&RQFOXVLRQV
7KHTXHVWLRQRI1HRVKRSKDVHRULJLQVZKLOHLQWHUHVWLQJ
LQWKHIUDPHZRUNVRISUHYLRXVUHVHDUFKLVXQSURGXFWLYH
LQOLJKWRIFRQWHPSRUDU\WKHRU\DQGPHWKRGRORJLHV
5HVHDUFKPXVWRYHUFRPHWKHULJLGFXOWXUHKLVWRU\RI
WKHUHJLRQDVWKHLUGH¿QLWLRQRQWKHEDVLVRIVLPLODU
PDWHULDOFXOWXUHWUDLWVKDVFOHDUO\UHVXOWHGLQDFRPSOH[
DQGFRQIXVLQJPLOHXRIVLPLODUEXWGLIIHUHQWFXOWXUHV
&RPSRXQGLQJWKHVHLVVXHVLVWKH1HRVKRSKDVH¶V
H[LVWHQFHLQDQDUHDWKDWOLHVEHWZHHQWKHPDMRUUHJLRQV
RIWKHHDVWHUQ:RRGODQGVDQGWKH3ODLQVRQWKH
³LVODQG´WKDWLVWKH2]DUN3ODWHDX7KHFRQVROLGDWLRQ
RIYDULRXVIRFLLQWRODUJHUWD[DKDVUHPDLQHGGLI¿FXOW
DVLWKDVEHHQLPSRVVLEOHWRXQGHUVWDQGWKHUHODWLYH
FRQWULEXWLRQRIERWKWKH3ODLQVDQGWKH:RRGODQGVWR
WKHFXOWXUHWUDLWVXVHGLQWKHLUGH¿QLWLRQ,WLVQHFHVVDU\
WKHQWRUHH[DPLQHDQGUHFRQFHSWXDOL]HWKHUHJLRQDV
UHSUHVHQWLQJDQLQWHUFRQQHFWHGVSDFHPDGHPHDQLQJIXO
E\SHRSOHLQSUDFWLFH%\GRLQJVR,FDQGLVUHJDUG
WD[RQRPLFFODVVL¿FDWLRQVLQWKHUHJLRQDQGLQVWHDGIRFXV
RQPDFURDQGPLFURUHJLRQDOQHWZRUNVRILQWHUDFWLRQ
DQGLGHQWL¿FDWLRQ2QO\WKHQZLOOLWEHSRVVLEOHWR
RYHUFRPHWKHYDULRXVDVVXPSWLRQVDQGSUREOHPVWKDW
KDYHLQÀXHQFHGUHVHDUFKWRGDWHDQGEHWWHUXQGHUVWDQG
KRZSHRSOHVDVVRFLDWHGZLWKWKH1HRVKRSKDVHUHODWHWR
SDVWDQGFRQWHPSRUDQHRXVFXOWXUHV
5HIHUHQFHV&LWHG
$SSDGXUDL$UMXQ
'LVMXQFWXUHDQG'LIIHUHQFHLQWKH*OREDO&XOWXUDO
(FRQRP\7KHRU\&XOWXUH	6RFLHW\

%DHUUHLV'DYLG$
 7KH1HRVKR)RFXV6RFLHW\IRU$PHULFDQ
$UFKDHRORJ\1RWHERRN
5HFHQW'HYHORSPHQWVLQ2NODKRPD$UFKDHRORJ\
3URFHHGLQJVRIWKH2NODKRPD$FDGHP\RI6FLHQFH
SS
%HUQDUG+5
5HYLHZRI/LQWRQ&)UHHPDQWKH'HYHORSPHQWRI
6RFLDO1HWZRUN$QDO\VLV6RFLDO1HWZRUNV

%LHKO-RmR
9LWD/LIHLQD=RQHRI6RFLDO$EDQGRQPHQW
8QLYHUVLW\RI&DOLIRUQLD3UHVV%HUNHOH\
%LHKO-RmRDQG3HWHU/RFNH
'HOHX]HDQGWKH$QWKURSRORJ\RI%HFRPLQJ
&XUUHQW$QWKURSRORJ\
ʹͳͶȈ͸Ϳǡ͸ͶͷͿ
%LHKO-RmR%\URQ*RRGDQG$UWKXU.OHLQPDQ
6XEMHFWLYLW\(WKQRJUDSKLF,QYHVWLJDWLRQV
8QLYHUVLW\RI&DOLIRUQLD3UHVV%HUNHOH\
%RUJDWWL6WHSKHQ3DQG'DQLHO6+DOJLQ
 $QDO\]LQJ$I¿OLDWLRQ1HWZRUNV,Q7KH6$*(
+DQGERRNRI6RFLDO1HWZRUN$QDO\VLVHGLWHGE\
3HWHU-&DUULQJWRQDQG-RKQ6FRWWSS
6$*(3XEOLFDWLRQV/RQGRQ
%RXUGLHX3LHUUH
2XWOLQHRID7KHRU\RI3UDFWLFH&DPEULGJH
8QLYHUVLW\3UHVV&DPEULGJH
7KH/RJLFRI3UDFWLFH7UDQVODWHGE\51LFH
6WDQIRUG8QLYHUVLW\3UHVV3DOR$OWR
%URZQ-DPHV$
3UHKLVWRULF6RXWKHUQ2]DUN0DUJLQDOLW\$
0\WK([SRVHG6SHFLDO3XEOLFDWLRQ0LVVRXUL
$UFKDHRORJLFDO6RFLHW\&ROXPELD
&DUU&KULVWRSKHUDQG-LOO(1HLW]HO
6W\OH6RFLHW\DQG3HUVRQ$UFKDHRORJLFDODQG
(WKQRORJLFDO3HUVSHFWLYHV3OHQXP3UHVV1HZ
<RUN
&KDSPDQ&DUO+
 7KH2ULJLQRIWKH2VDJH,QGLDQ7ULEH$Q
(WKQRJUDSKLF+LVWRULFDODQG$UFKDHRORJLFDO
6WXG\3K''LVVHUWDWLRQ'HSDUWPHQWRI
$QWKURSRORJ\8QLYHUVLW\RI0LFKLJDQ$QQ$UERU
&REE-DPHV(
 7KH)XQFWLRQDO$QDO\VLVRI/DWH3UHKLVWRULF
5HPDLQVIURPWKH%RQWNH6KHOWHU0DVWHU¶V7KHVLV
'HSDUWPHQWRI$QWKURSRORJ\8QLYHUVLW\RI
$UNDQVDV)D\HWWHYLOOH
&RQQHU0LFKDHO'HGLWRU
1HRVKR7UDGLWLRQ2FFXSDWLRQLQ/DZUHQFH&RXQW\
0LVVRXUL7KH0LVVRXUL$UFKDHRORJLVW
'LFNVRQ'RQ5
7KH$OEHUWVRQ6LWH$'HHSO\DQG&OHDUO\
6WUDWL¿HG2]DUN%OXII6KHOWHU5HVHDUFK6HULHV1R
$UNDQVDV$UFKHRORJLFDO6XUYH\)D\HWWHYLOOH
3UHKLVWRULF1DWLYH$PHULFDQVLQWKH2]DUNV
6SHFLDO3XEOLFDWLRQ1R2]DUN5HVRXUFHVDQG
+LVWRULFDO3XEOLFDWLRQV
$OEHUWVRQ6KHOWHU%(5DGLRFDUERQ'DWHV
0LVVRXUL$UFKDHRORJLFDO6RFLHW\4XDUWHUO\

 7KH&ORXG:LOOLDPV6LWH7KH0LVVRXUL
$UFKDHRORJLVW
'RXJODV/XNH$
$8VHU¶V*XLGHWR1HWZRUN$QDO\VLVLQ56SULQJHU
3XEOLVKLQJ1HZ<RUN
)UHHPDQ-RDQ(
 7KH1HRVKR)RFXV$/DWH3UHKLVWRULF&XOWXUH
LQ1RUWKHDVWHUQ2NODKRPD3K''LVVHUWDWLRQ
'HSDUWPHQWRI$QWKURSRORJ\8QLYHUVLW\RI
:LVFRQVLQ0DGLVRQ
 7KH1HRVKR)RFXV$/DWH3UHKLVWRULF&XOWXUHLQ
1RUWKHDVWHUQ2NODKRPD%XOOHWLQRIWKH2NODKRPD
$QWKURSRORJLFDO6RFLHW\
)UHHPDQ-RDQ(DQG$'HZH\%XFN-U
:RRGZDUG3ODLQDQG1HRVKR3XQFWDWH7ZR
6KHOO7HPSHUHG3RWWHU\7\SHVRI1RUWKHDVWHUQ
2NODKRPD%XOOHWLQRIWKH2NODKRPD
$QWKURSRORJLFDO6RFLHW\
*LGGHQV$QWKRQ\
0RGHUQLW\DQG6HOI,GHQWLW\6HOIDQG6RFLHW\LQ
WKH/DWH0RGHUQ$JH6WDQIRUG8QLYHUVLW\3UHVV
3DOR$OWR
*RVVHODLQ2OLYLHU3
 6RFLDODQG7HFKQLFDO,GHQWLW\LQD&OD\&U\VWDO
%DOO,Q7KH$UFKDHRORJ\RI6RFLDO%RXQGDULHV
HGLWHGE\0LULDP76WDUNSS
6PLWKVRQLDQ,QVWLWXWLRQ3UHVV:DVKLQJWRQ'&
ĆĉĉĔėĈčĊĔđĔČĞĔĚėēĆđȈʹͳͷ
0DWHULDOL]LQJ,GHQWLWLHV$Q$IULFDQ3HUVSHFWLYH
-RXUQDORI$UFKDHRORJLFDO0HWKRGDQG7KHRU\

 7KRXJKWVDQG$GMXVWPHQWVLQWKH3RWWHU¶V
%DFN\DUG,Q%UHDNLQJWKH0RXOG&KDOOHQJLQJ
WKH3DVWWKURXJK3RWWHU\HGLWHGE\,QD%HUJSS
$UFKDHRSUHVV2[IRUG
 )LQHLI,'R)LQHLI,'RQ¶W'\QDPLFVRI
7HFKQLFDO.QRZOHGJHLQ6XEVDKDUDQ$IULFD,Q
,QYHVWLJDWLQJ$UFKDHRORJLFDO&XOWXUHVHGLWHGE\
%HQMDPLQ:5REHUWVDQG0DUF9DQGHU/LQGHQ
SS6SULQJHU1HZ<RUN
*XSWD$NKLODQG-DPHV)HUJXVRQ
%H\RQG³&XOWXUH´6SDFH,GHQWLW\DQGWKH3ROLWLFV
RI'LIIHUHQFH&XUUHQW$QWKURSRORJ\
+DUULQJWRQ0DUN5
7KH2]DUN%OXII'ZHOOHUV,QGLDQ1RWHVDQG
0RQRJUDSKV1R0XVHXPRIWKH$PHULFDQ
,QGLDQ+H\H)RXQGDWLRQ0XVHXPRIWKH
$PHULFDQ,QGLDQ1HZ<RUN
+DUW-RKQ3
 7KH(IIHFWVRI*HRJUDSKLFDO'LVWDQFHVRQ3RWWHU\
$VVHPEODJH6LPLODULWLHV$&DVH6WXG\IURP
1RUWKHUQ,URTXRLD-RXUQDORI$UFKDHRORJLFDO
6FLHQFH
+DUW-RKQ3DQG:LOOLDP(QJHOEUHFKW
1RUWKHUQ,URTXRLDQ(WKQLF(YROXWLRQ$6RFLDO
1HWZRUN$QDO\VLV-RXUQDORI$UFKDHRORJLFDO
0HWKRGDQG7KHRU\
+HQQLQJ'DOH5
'HYHORSPHQWDQG,QWHUUHODWLRQVKLSVRI2QHRWD
&XOWXUHLQWKH/RZHU0LVVRXUL5LYHU9DOOH\7KH
0LVVRXUL$UFKDHRORJLVW
 7KH2QHRWD7UDGLWLRQ,Q$UFKDHRORJ\RIWKH*UHDW
3ODLQVHGLWHGE\:5D\PRQG:RRGSS
8QLYHUVLW\RI.DQVDV3UHVV/DZUHQFH
.HDUQH\0LFKDHO
%RUGHUVDQG%RXQGDULHVRI6WDWHDQG6HOIDWWKH
(QGRI(PSLUH-RXUQDORI+LVWRULFDO6RFLRORJ\

.QDSSHWW&DUO
 $Q$UFKDHRORJ\RI,QWHUDFWLRQ1HWZRUN
3HUVSHFWLYHVRQ0DWHULDO&XOWXUHDQG6RFLHW\
2[IRUG8QLYHUVLW\3UHVV2[IRUG
1HWZRUN$QDO\VLVLQ$UFKDHRORJ\1HZ
$SSURDFKHVWR5HJLRQDO,QWHUDFWLRQ2[IRUG
8QLYHUVLW\3UHVV2[IRUG
/RUUDLQ'HVVDPDH
 7KH*ODVV6LWH,Q$3LORW6WXG\RI:LFKLWD
,QGLDQ$UFKHRORJ\DQG(WKQRKLVWRU\DVVHPEOHG
E\5REHUW(%HOO(GZDUG%-HONVDQG::
1HZFRPESS)LQDO5HSRUWIRU*UDQW*6
1DWLRQDO6FLHQFH)RXQGDWLRQ:DVKLQJWRQ
'&
0F.HUQ:&
 7KH0LGZHVWHUQ7D[RQRPLF0HWKRGDVDQ$LGWR
$UFKDHRORJLFDO&XOWXUH6WXG\$PHULFDQ$QWLTXLW\

0LOOV%DUEDUD-
 6RFLDO1HWZRUN$QDO\VLVLQ$UFKDHRORJ\$QQXDO
5HYLHZRI$QWKURSRORJ\
2QJ$LKZD
 5H$UWLFXODWLRQVRI&LWL]HQVKLS363ROLWLFDO
6FLHQFHDQG3ROLWLFV
2UU.HQQHWK*
 7KH$UFKHRORJLFDO6LWXDWLRQDW6SLUR2NODKRPD
$3UHOLPLQDU\5HSRUW$PHULFDQ$QWLTXLW\

gVWERUQ3HUDQG+HQULN*HUGLQJ
1HWZRUN$QDO\VLVRI$UFKDHRORJLFDO'DWD$
6\VWHPDWLF$SSURDFK-RXUQDORI$UFKDHRORJLFDO
6FLHQFH
ʹͳ͸Ȉ͸Ϳǡ͸ͶͷͿ
3DXNHWDW7LPRWK\5
 3UDFWLFHDQG+LVWRU\LQ$UFKDHRORJ\$Q(PHUJLQJ
3DUDGLJP$QWKURSRORJLFDO7KHRU\
3HHSOHV0DWWKHZ$
 ,GHQWLW\DQG6RFLDO7UDQVIRUPDWLRQLQWKH
3UHKLVSDQLF&LEROD:RUOG$'
3K''LVVHUWDWLRQ'HSDUWPHQWRI$QWKURSRORJ\
$UL]RQD6WDWH8QLYHUVLW\7HPSOH
&RQQHFWHG&RPPXQLWLHV1HWZRUNV,GHQWLW\
DQG6RFLDO&KDQJHLQWKH$QFLHQW&LEROD:RUOG
8QLYHUVLW\RI$UL]RQD3UHVV7XFVRQ
3HUWWXOD7LPRWK\.0DUOLQ)+DZOH\DQG)UHGHULFN
:6FRWW
&DGGR7UDGH&HUDPLFV6RXWKHDVWHUQ$UFKDHRORJ\

3XUULQJWRQ%XUWRQ/HZLQ
 7KH3UHKLVWRU\RI'HODZDUH&RXQW\2NODKRPD
&XOWXUDO&RQWLQXLW\DQG&KDQJHRQWKH:HVWHUQ
2]DUN3HULSKHU\3K''LVVHUWDWLRQ'HSDUWPHQW
RI$QWKURSRORJ\8QLYHUVLW\RI:LVFRQVLQ
0DGLVRQ
5D\-DFN+
D &KHUW$YDLODELOLW\DQG8VH,Q$UFKDHRORJLFDO
,QYHVWLJDWLRQVDW6L[6KHOWHUHG6LWHVLQ6RXWKHUQ
0F'RQDOG&RXQW\0LVVRXULHGLWHGE\-DFN+
5D\DQG0LFKDHO'&RQQHUSS6SHFLDO
3XEOLFDWLRQ1R&HQWHUIRU$UFKDHRORJLFDO
5HVHDUFK0LVVRXUL6WDWH8QLYHUVLW\6SULQJ¿HOG
E +HQVRQ&DYH([FDYDWLRQVDQG/LWKLFV,Q
$UFKDHRORJLFDO,QYHVWLJDWLRQVDW6L[6KHOWHUHG
6LWHVLQ6RXWKHUQ0F'RQDOG&RXQW\0LVVRXUL
HGLWHGE\-DFN+5D\DQG0LFKDHO'&RQQHU
SS±6SHFLDO3XEOLFDWLRQ1R&HQWHU
IRU$UFKDHRORJLFDO5HVHDUFK0LVVRXUL6WDWH
8QLYHUVLW\6SULQJ¿HOG
2]DUNV&KLSSHG6WRQH5HVRXUFHV$*XLGHWR
WKH,GHQWL¿FDWLRQ'LVWULEXWLRQDQG3UHKLVWRULF
8VHRI&KHUWVDQG2WKHU6LOLFHRXV5DZ
0DWHULDOV6SHFLDO3XEOLFDWLRQV1R0LVVRXUL
$UFKDHRORJLFDO6RFLHW\6SULQJ¿HOG
$Q$UFKDHRORJLFDO6XUYH\DQG$VVHVVPHQWRI
&KHUW([WUDFWLRQ6LWHVLQWKH9LFLQLW\RI3HRULD
4XDUU\2WWDZD&RXQW\2NODKRPD5HVHDUFK
5HSRUW1R&HQWHUIRU$UFKDHRORJLFDO
5HVHDUFK0LVVRXUL6WDWH8QLYHUVLW\6SULQJ¿HOG
 (DU6SRROV&HUDPLFVDQG%XULDO0RXQGV
IURP6RXWKZHVW0LVVRXUL&DGGRDQDQG
6SLUR&RQQHFWLRQVRQWKH1RUWKHUQ)URQWLHU
6RXWKHDVWHUQ$UFKDHRORJ\
5D\-DFN+DQG1HDO+/RSLQRW
/DWH3UHKLVWRULF&XOWXUH+LVWRU\IRU6RXWKZHVW
0LVVRXUL7KH0LVVRXUL$UFKDHRORJLVW±
 3UHKLVWRULF%DFNJURXQG,Q5HVHDUFKWR
'HWHUPLQH&XOWXUDO$I¿OLDWLRQRI1$*35$
5HPDLQVIURP3RPPH'H7HUUH6PLWKYLOOH
6WRFNWRQDQG7UXPDQ/DNHVLQ0LVVRXULHGLWHG
E\1HDO+/RSLQRWDQG5%UXFH0F0LOODQ
SS5HVHDUFK5HSRUW1R&HQWHUIRU
$UFKDHRORJLFDO5HVHDUFK6SULQJ¿HOG02
5RKUEDXJK&KDUOHV/
 6SLURDQG)RUW&RIIHH3KDVHV&KDQJLQJ
&XOWXUDO&RPSOH[HVRIWKH&DGGRDQ$UHD3K'
'LVVHUWDWLRQ'HSDUWPHQWRI$QWKURSRORJ\
8QLYHUVLW\RI:LVFRQVLQ0DGLVRQ
$UNDQVDV9DOOH\&DGGRDQ)RUW&RIIHHDQG
1HRVKR)RFL,Q3UHKLVWRU\RI2NODKRPDHGLWHG
E\5REHUW(%HOOSS$FDGHPLF3UHVV
2UODQGR
ĆĉĉĔėĈčĊĔđĔČĞĔĚėēĆđȈʹͳ͹
6DER*HRUJHDQG$QQ0(DUO\
 3UHKLVWRULF&XOWXUH+LVWRU\,Q+XPDQ$GDSWDWLRQ
LQWKH2]DUN2XDFKLWD0RXQWDLQVE\*HRUJH
6DER$QQ0(DUO\-HURPH&5RVH%DUEDUD
$%XUQHWW/RXLV9RJHOHDQG-DPHV3+DUFRXUW
SS$UNDQVDV$UFKHRORJLFDO6XUYH\
)D\HWWHYLOOH
7HUUHOO-RKQ(
 6RFLDO1HWZRUN$QDO\VLVDQGWKH3UDFWLFHRI
+LVWRU\,Q1HWZRUN$QDO\VLVLQ$UFKDHRORJ\
1HZ$SSURDFKHVWR5HJLRQDO,QWHUDFWLRQHGLWHG
E\&DUO.QDSSHWWSS2[IRUG8QLYHUVLW\
3UHVV
7KRPDV/DULVVD$DQG-DFN+5D\
 ([FKDQJHDWWKH'DKOPDQ6LWH/$$/DWH
3UHKLVWRULF1HRVKR3KDVH6HWWOHPHQWLQ6RXWKZHVW
0LVVRXUL3ODLQV$QWKURSRORJLVW
7VLQJ$QQD
 7KH*OREDO6LWXDWLRQ&XOWXUDO$QWKURSRORJ\

9HKLN6XVDQ&
'KHJLKD2ULJLQVDQG3ODLQV$UFKDHRORJ\3ODLQV
$QWKURSRORJLVW
:DVVHUPDQ6WDQOH\DQG.DWKHULQH)DXVW
6RFLDO1HWZRUN$QDO\VLV0HWKRGVDQG
$SSOLFDWLRQV&DPEULGJH8QLYHUVLW\3UHVV
&DPEULGJH
:HGHO0LOGUHG0RWW
2QHRWD6LWHVRQWKH8SSHU,RZD5LYHU7KH
0LVVRXUL$UFKDHRORJLVW
:HQJHU(WLHQQH
&RPPXQLWLHVRI3UDFWLFH/HDUQLQJ0HDQLQJDQG
,GHQWLW\&DPEULGJH8QLYHUVLW\3UHVV&DPEULGJH
:LOOH\*RUGRQ5DQG3KLOLS3KLOOLSV
0HWKRGDQG7KHRU\LQ$PHULFDQ$UFKDHRORJ\
8QLYHUVLW\RI&KLFDJR3UHVV&KLFDJR
:\FNRII'RQ*
 7KH-XJ+LOO6LWH0\0D\HV&RXQW\
2NODKRPD%XOOHWLQRIWKH2NODKRPD
$QWKURSRORJLFDO6RFLHW\
&DGGRDQ$GDSWLYH6WUDWHJLHVLQWKH$UNDQVDV
%DVLQ(DVWHUQ2NODKRPD3K'GLVVHUWDWLRQ
'HSDUWPHQWRI$QWKURSRORJ\:DVKLQJWRQ6WDWH
8QLYHUVLW\3XOOPDQ
<HOWRQ-HIIU\.
 3URWRKLVWRULF2QHRWD3RWWHU\RIWKH/RZHU
0LVVRXUL5LYHU9DOOH\$)XQFWLRQDO3HUVSHFWLYH
3K''LVVHUWDWLRQ'HSDUWPHQWRI$QWKURSRORJ\
8QLYHUVLW\RI0LVVRXUL&ROXPELD
